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Specification 

1. Title of the Invention 

MICRO PROCESSOR OF INSTRUCTION PIPEUNE SYSTEM 

2. What is Claimed is- 

[Claim l] A micro processor of instruction pipeline system, comprising- an 

operand address generator; an address transducer; an operand fetch imit; and an 
operation execution unit and a general-purpose register group in order to execute 
decoded instructions, wherein said operation execution unit is configured to be 
duplicated and simultaneously execute a plurality of instructions; and said 
general*piu*po8e group is composed of a register group for storing processed data in 
accordance with the flow of a program and a register group for storing data of a result 
obtained by executing a subsequent instruction in advance, thereby enabling the 
processable subsequent instruction to be executed in advance without following 
sequential program processing. 

[Claim 2] The micro processor of instruction pipeline system according to Claim 
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1, wherein said general-purpose register group further comprises a comparing means 
for judging whether or not the subsequent instruction is executed in advance of a 
preceding instruction. 

[Claim 3] The micro processor of instruction pipeline system according to Claim 

1, wherein each of a plurality of said operation execution unit comprises an instruction 
register and an operation means so as to perform storage in a specific register of the 
general-purpose register group specified in a destination field of the instruction register 
that specifies data precedence. 
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3. Detailed Description of the Invention 
[Object of the Invention] 
(Field of Industrial Application) 

The present invention relates to a micro processor of instruction parallel 
execution system and more particularly to a micro processor of instruction pipeline 
system which can execute instructions in parallel and fast. 

(Description of the Related Art) 

In a conventional micro processor of instruction pipeline system, a specific 
register has been used for operand address calculation in an addition instruction or the 
like, but there has been a problem that since the contents of said register are modified 
by the last transfer- mstruction or the hke, said addition instruction cannot transit to an 
operand address calculation stage until a write stage to a general-purpose register is 
finished, causing the processing of the instruction to delay. 

Specifically, Fig. 7 shows a schematic configuration of a conventional micro 
processor of instruction pipeline system. 

In this figure, a reference niuneral 1 denotes a bus control imit (BCU) for 
connecting a micro processor P and an external circuit, a reference numeral 2 denotes 
an instruction fetch xmit QFU), a reference numeral 3 denotes a decoder (DEC) for 
decoding an instruction, a reference numeral 4 denotes an operand address generator 
(OAG) for calciilating an operand address, a reference number 5 denotes an address 
transducer (AT) for transducing a logical address to a physical address, a reference 
numeral 6 denotes an operand fetch unit (OFF) for fetching an operand, a reference 
numeral 7 denotes an operation execution unit (EXU) for executing an instruction, and 
a reference numeral 8 denotes a general-purpose register group (GR) consisting of a 
plurahty of registers Ri, Ra, Ra, R4, ... (not shown). 

Fig. 8 shows the timing of instruction pipeline processing in the case where, for 
example, program instructions shown in Fig. 6 are executed by the micro processor P 
shown in Fig. 7. As shown in Figs. 6 and 8, suppose an instruction to transfer contents 
of an address A to the register Ri in the general-purpose register group 8 (not shown) is 
indicated by a reference sign ai, an instruction to transfer data of the register Rs to R2 in 
the general-purpose register group 8 is indicated by a reference sign a2, an addition 
instruction to transfer contents of an address B modified in the above-mentioned 
register R2 to the register R4 is indicated by a reference sign as, and an instruction to 
transfer data of the register R2 to a memory indicated by an address C is indicated by a 
reference sign a4. At this time, although the contents of the register R2 are used to 
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calculate the operand address by the instruction as, the register R2 is changed by the 
instruction a2. Accordingly the instruction as cannot enter the operand address 
generator until the transfer of the instruction a2 to the general-purpose register group 8 
(write) is finished, which delays the processing of the instruction aa. 

(Problems to be Solved by the Invention) 

In other words, in the conventional micro processor, since the operation 
execution unit and the general-purpose registers are not duplicated, a subsequent 
instruction cannot be executed before an instruction which updates the general-purpose 
register group 8 is completely executed. 

Accordingly, in the conventional micro processor of instruction pipehne system, 
its processing -flow- stagnates -and advantages of the pipeline - system have not been 
exerted sufficiently 

The present invention seeks to solve the above-mentioned problem. The 
object is to provide a micro processor of instruction pipeline system capable of executing 
a subsequent instruction in advance without waiting for an execution restdt of a 
preceding instruction. 

[Constitution of the Invention] 
(Means for Solving the Problem) 

In order to achieve the above-mentioned object, in a micro processor of 
instruction pipeline system according to the present invention, an operation execution 
unit is composed of a first operation execution unit for executing an instruction with no 
memory operand, a second operation execution unit for executing an instruction with a 
memory operand, and a third operation execution unit for executing a floating point 
instruction, and general-pvirpose registers are composed of a register group for storing 
processed data in accordance with the flow of a program and a register group for storing 
a result obtained by executing a processable instruction in advance. 

(Action) 

The operation execution unit is duplicated and the configuration of the 
general-purpose register group is also dupUcated by consisting of the register group for 
storing the processed data in accordance with the flow of the program and the register 
group for storing the result obtained by executing the processable instruction in 
advance to thereby update the data in the general-purpose register group and to 
executing the subsequent instruction in advance without waiting for the execution 
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result of the preceding instruction, which improves performance of the micro processor. 

(Preferred Embodiment of the Invention) 

Fig. 1 is a fundamental block diagram showing a micro processor of instruction 
pipeline system according to the present invention. In this figure, like components are 
indicated by the same reference numerals and signs as those in Fig. 7. In the micro 
processor of instruction pipeline system in Fig. 1, the operation execution unit is 
composed of a first operation execution unit 10 (SEP) for executing an instruction with 
no memory operand, a second operation execution unit 11 QEP) for executing an 
instruction with a memory operand, and a third operation execution unit 12 (FEP) for 
executing a floating-point instruction. Incidentally, a reference numeral 13 denotes an 
instruction delivery-^unit for delivering a decoded instruction to each-of said operation 
execution units, and a reference numeral 14 denotes a floating point register. 

In the micro processor according to the present invention as shown in Fig. 1, 
the same pipeline instructions as those of Fig. 6 are executed as shown in Fig. 2. 

Specifically, an instruction is fetched at every clock to be processed, and the 
instruction ai, having a memory operand, is processed from the instruction fetch unit 2, 
via the decoder 3, the instruction deUvery unit 13, the operand address generator 4, the 
address transducer 5, and the operand fetch unit 6, to the second operation executing 
unit 11. The instruction a2, having no memory operand (having only a register 
operand), is processed from the instruction fetch unit 2, via the decoder 3, and the 
instruction deUvery unit 13, to the first operation execution unit 10. As shown in Fig. 
2, the executions of the instructions a2 and ai are finished in the fifth clock and the sixth 
clock and, therefore, in order to prevent discrepancy between data within a 
general-purpose register group 8' and the flow of a program, the general -purpose 
register group 8' is duplicated by consisting of a register group holding processing result 
data of the program and a register group temporarily holding an execution result by 
executing an instruction in advance as shown described later. 

Next, referring to Fig. 3, the configurations of the general-purpose register 8' 
and the first, second, third operation execution units 10, 11 and 12 in Fig. 1 are 
described in detail. 

In Fig. 3, the first operation execution unit 10 has a first operator 20 and a first 
instruction register 21, the second operation execution unit 11 has a second operator 22 
and a second instruction register 23, and the third operation execution unit 12 has a 
third operator 24 and a third instruction register 25. The format of each of said 
instruction registers 21, 23 and 25 is as shown in Fig. 4. 
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Specifically, in Fig. 4, OP denotes an operation behavior specifying field of the 
relevant operator, SR denotes a source register specifying field, DR denotes a 
destination register specifying field, SA/ID donates a source operand address or 
immediate data holding field, DA denotes a destination operand address holding field, 
and PC denotes an instruction address holding field for an instruction being executed in 
each operator. 

Back to Fig. 3, the general-purpose register group 8' according to the present 
invention is divided into a register group CGRi G = 1, 2, 3...n) holding data of a result 
processed in accordance with a program and a register group FGRi (i = 1, 2, 3...n) 
storing an operation result from an operator executing an instruction. Incidentally, in 
Fig. 3, a reference numeral 30 denotes an instruction address comparing unit, which 
may be considered- to-be>inGluded, the general-purpose register group 8-.- 

Fig. 5 shows the format of the register group FGR in detail. The register 
group FGR consists of a tag units F, I, and S each consisting of 3 bits, and a data holding 
unit FGRi for holding each data. 

Back to Fig. 3, the PC fields of the respective instruction registers 21, 23 and 25 
are inputted to said instruction address comparing unit 30 and said respective PC fields 
are compared to judge whether a subsequent instruction is executed in advance of a 
preceding instruction. Said comparing unit 30 outputs in such a manner based on the 
comparison result, that if the PC field of the first instruction register 21 is not the least, 
an output Ci becomes "1", if the PC field of the second instruction register 23 is not the 
least, an output C2 becomes "1", and if the PC field of the third instruction register 25 is 
not the least, an output C3 becomes "1". 

Furthermore, an output C4 (an FGR write signal) of said address comparing 
unit 30 becomes "1" in the case where the address PC of the instruction register of an 
operator executing an instruction is not the least, while an output C5 (a CGR write 
signal) of said comparing unit 30 becomes "1" in the case where said address PC is the 
least. 

In addition, when the operation in each operator is finished, the tag S in the 
register FGR is designed to be set to "1" in the case of C4 = 1 and Ci = 1, the tag I to "1" 
in the case of C2 = 1, and the tag F to "1" in the case of Ca = 1, 

The operation results of the respective operators 20, 22 and 24 are designed to 
be stored in the data holding units FGRi specified in the DR fields of the respective 
instruction registers 21, 23 and 25. 

When the operations in the respective operators 20, 22 and 24 are finished, in 
the case of C4 = 0 and Ce = 1, operation results are designed to be stored in the data 
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holding units FGRi and CGRi specified in the DR fields of the instruction registers, 
respectively, and the other data of FGRi with any of the tags F, I and S set is designed to 
be specified to the corresponding CGRi. 

Accordingly, as shown in Fig. 2, during operation, at the fifth clock when the 
instruction a2 is executed, the PC field of the first instruction register 21 shown in Fig. 3 
has the address of the instruction a2, the PC field of the second instruction register 23 
has the address of the instruction ai, and the PC field of the third instruction register 25 
has no address since the instruction delivery unit 13 has not delivered any instruction. 
Accordingly, the third operation execution unit 12 does not execute any instruction. 

On the other hand, as mentioned above, since the first instruction register 21 
contains sl2, its address PC field is more larger than the address PC field of the 
instruction ai containedM the second instruction register 23, Ci becomes 1, so that the 
operation result is written to FGR2 and the tag S is set to 1. 

At the sixth clock, the instruction ai is executed in the second operation 
execution unit 11. At this time, the instruction register 21 in the first operation 
execution tmit 10 has no instruction as the execution of the instruction a2 has been 
finished and therefore, takes no action. Accordingly, C4 is set to 0 and Ceis set to 1, 
and the operation result of the instruction ai is stored in CGRi and FGRi and the data 
of FGR2 with the tag Si set to 1 is transferred to and stored in CGR2 so as to be used as 
processed data in accordance with the flow of the program. 

As understood in the above-mentioned operations, since the data necessary for 
calculating the effective address of the next instruction as can be derived from the FGR2 
(corresponding to the R2 register) at the end of the fifth clock, the instruction as can 
immediately proceed to the effective address generator 4. Accordingly, it is not 
necessary to foUow the sequential program processing as in this type of conventional 
micro processor in which the instruction as starts to be processed after the executions of 
ai and a2 are finished. 

[Effects of the Invention] 

As described above, according to the present invention, the operation execution 
imit is configured to be duplicated and to simultaneously execute a plurality of 
instructions, and the general-purpose register group is also configured to be duplicated 
by consisting of the register group for storing processed data in accordance with the flow 
of a program and the register group for storing data of a result by executing a 
subsequent instruction in advance. 

Accordingly, in the micro processor of instruction pipeline system according to 
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the present invention, since the subsequent instruction can be executed in advance 
without waiting for the execution result of the preceding instruction, the performance of 
the micro processor can be remarkably improved. 



4. Brief Description of the Drawings 
[Fig. 1] 

Fig. 1 is a fundamental block diagram showing a micro processor of instruction 
pipeline system according to the present invention. 
[Fig. 2] 

Fig. 2 is a flow diagram showing instruction processing of respective units 
composing the micro processor of Fig. 1. 
[Fig. 3] - — ^ > 

Fig. 3 is a detailed block diagram showing an operation execution unit and a 
general-purpose register group of Fig. 1. 
[Fig. 4] 

Fig. 4 is a format diagram of each instruction register of Fig. 3. 

[Fig. 5] 

Fig. 5 shows an input format of a register group FGR for storing a result 
obtained by processing an instruction in advance in the general -purpose register group. 
[Fig. 6] 

Fig. 6 shows a program example clarifying a problem that a conventional micro 
processor has. 
[Fig. 7] 

Fig. 7 is a block diagram showing a conventional micro processor of instruction 
pipeUne system according to the related art. 
[Fig. 8] 

Fig. 8 is a flow diagram showing instruction processing in the processor of Fig. 

7. 

1 bus control unit 

2 instruction fetch unit 

3 decoder 

4 operand address generator 

5 logical address transducer 

6 operand fetch imit 

8' general-purpose register group 
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10 first operation execution unit 

11 second operation execution unit 

12 third operation execution unit 

13 instruction delivery unit 

14 floating-point register 
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